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(71) VTe, AJINOMOTO CO., INC, 
a corporation organized under the law of 
Japan, of No. 6, 1-chome, Kyobashi, Chuo- 
ku, Tokyo, Japan, do herebv declare the 
invention, for which wc pray 'that a patent 
may be granted to us. and 'the method by 
which it is to be performed, to be particu- 
larly described in and bv the following state- 
ment: — 

This invention relates to certain derivatives 
of starch, to the production of such deriva- 
tives and to pharamaceutical composidons 
which include such derivatives. 

Sulphates of pnlvsaccharide^t such as srar^^h . 
oxidized starch. ceUulose. vvlan and_dextrjjti 
^ar^fcftealS^^ ofTiem 
ITavfiJjefiQjbimdLjO as'' 
anti-hpaemic agents. The use o7 such lGU 
phates for^ therapeutic purpoce, hn<=, f,n^.^>, 

teen.Jimited- because-of-doubts-^s-to-dinicai 
safety. Additionally, the chemical synthesis 
of the sulphates of polvsaccharides is diffi- 
cult because the polysaccharide tends to 
decompose under the reaction conditions. 

Hydroxyethyl starch is presently utilized 
as a plasma expander, and it has been found 
that hydroxyethyl starch has pharmocological 
activity, for example anti-inflammator\% ant:- 
Iipacmic, anti-aneriosclerosis, anti-ulcer or 
30 hypocholesterolic activity. 

According to one aspect of the present 
invention, there is provided a sulphate of 
hydroxyethyl starch, which can be in free 
acid form, in the form of a metal salt or in 
the form of a metal complex. 

Preferably the molecular weight of the 
hydroxyethyl starch moictv is in the range 
from 1000 to 200,000, the degree of substi- 
tution of hydroxyethyl groups per anhydro- 
glucose unit in the hydroxvethvl starch is in 
The range from 0.2 to 1.2, the sulphur content 
is in the range from 2 to 18% bv weight of 
the sulphate of hydroxvethvl starch, and the 
intrinsic viscosity of the sulphate is in the 
range from 0.02 to 0.5 at 30°C in water. 

According to another aspect of the present 
invention, there is provided a process for 
producing the desired compound, which com- 



prises reacting hydroxyethyl starch either with 
chlorosulphonic acid in pyridine, or with sul- 50 
phuric acid; neutralizing the reaction solu- 
tion; filtering the solution; mixing the filtrate 
with a water-miscible organic solvent; separat- 
ing the resulung precipitate; and, if necessary, 
converting the sulphate from free acid form 55 
to metal salt or metal complex form. 

Hydroxyethyl starch used as a starting 
material m the process of the present inven- 
uon may be prepared, for example, by con- 
tactmg waxy corn starch (with an amvlopectin 60 
content of over 98% by weight) with'ethylene 
oxide or ethylene chlorohvdrin. The degree 
of substitution of hydroxvethyl groups in the 
. hydroxyethyl starch is preferablv in the range 
from 0.2 to 1.2 per anhvdroglucose unit, 65 
more preferably 0.6 to 1.2, to avoid rapid 
decomposition in vtvo. 

The instrinsic viscosit}- of such hydroxy- 
ethyl starch at SO^'C in water is 0.02 to 0.5. 
. The presently preferred processes for pro^ 70 
ducmg the products of the present invention 
\yill now be described. Thcv comprise reac- 
tion between the hydroxyethvl starch and 
Cither concentrated sulphuric acid, or chloro- 
sulphonic acid in pyridine. 75 

When concentrated sulphuric acid is used 
It IS found that if, for example, more than 
/O . sulphuric acid is used, a reaction tem- 
perature of less than O-C must be emploved 
to limit discoloration. If sulphuric acid having 80 
a concentration of more than 85/; is used 
a reaction temperature of from -30°C to 
--25-C is generally preferred in order to limit 
the production of low molecular weight pro- 
ducts. If, however, such low molecular weight 85 
products are desired, a reaction temperature 
of m the range from -10°C to 0°C should 
be employed. With 60% to 70% sulphuric 
acid a reaction temperature of from O^C to 
— 30°C is preferably employed. Increased 90 
temperatures of about 0°C may be employed 
to increase the rate of reaction. 

The selected hydroxyethyl starch is mixed 
with the sulphuric acid generally in a ratio 
of from 20 to 50 g of hydroxvethvl starch 95 
per 100 ml of total volume. The m'ixture is 
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stirred at the selected temperature generally 
for from 20 minutes to 4 hours. 

At the end of the reaction period, the 
mixture is poured into ice water, neutralized, 
* for example with Na.COj, and filtered. The 
treatment with the alkaline reagent is prefer- 
ably effected promptly. The filtrate is prefer- 
ably concentrated to a concentration of from 
3 g to 20 g of produas per 100 ml of con- 

10 cemrate, suitably by use of a "Diafilter" 
(trademark of Nippon Koshinku Co., Inc.) 
equipped with an appropriate molecular 
v .,^ weight membrane. The desired products can 
be precipitated by the addition of a water- 

15 miscible organic solvent such as methanol, 
cthanol or acetone. The process provides pro- 
ducts of high purity. 

In an alternative production process calcium 
carbonate is added to the reaction mixture 

20 (instead of NajCOa), and insoluble CaSO* 
is removed. The sulphate of hydroxycthyl 
starch can be converted to the sodium salt 
by adding Na2COs to the solutiwi containing 
the sulphate of hydroxyethyl starch. The salt 

25 can be precipitated by the addition of an 
alkanoL This technique is not preferred, how- 
ever, because of the difficulty of removing 
incK'ganic materials. 

The thus obtained reaction products can 

50 then be washed, for example, with methanol 
followed by acetone and ether, and then dried 
completely. Care should be taken to ensure 
that as much as possible of the calciimi is 
replaced by sodium; otherwise the thus 

35 obtained sulphates of hydroxyethyl starch tend 
to decompoce in a few days. 
If the product is formed by the reaction 
. of hydroxyethyl starch with chlorosulph<Mxic 
add in pyridine, then generally from 0.5 to 

40 3 moles of chlorosulphonic acid are used per 
mole of anhydroglucose units of hydroxyethyl 
starch, and generally firom 3 to 10 ml of 

_. pyridine are used per gram of hydroxyethyl 
starch. 

45 To carry out the reaction, the following 
procedure can be employed; pyridine is cooled 
to 0 to — 20°C, and the chlorosulphonic add 
is added dropwise while maintaim'ng the 
temperature of the reaction solution below 

50 lO^C. The resulting solid pyridinium salt 
of chlorosulphonic add is dissolved by warm- 
ing it at 50°e to 70°C, and the hydroxycthyl 
starch is added to the dissolved pyridinium 
salL The mixture is then stirred for from 

55 20 minutes to 2 hours. 

The solubility of the hydroxyethyl starch 
in pyridine permits the sulphation reaction 
to proceed smoothly with no troublesome 
increase of viscosity, 

60 At the end of the reaction, water is added 
to the nuxture. The addition of an alcohol 
such as methanol in a volume ratio of 3 to 
5 ml of methanol per 1 ml of the mixture 
precipitates the desired product as a white 

65 powder. The precipitate can then be sepa- 



rated by filtration, washed and dried in the 
same manner as described with respect to the 
sulphuric acid procedure. 

The precipitation of the product can be 
improved by the addition of a saturated, 70 
aqueous salt solution cozttaining, for example, 
sodium acetate or sodium chloride. This pro- 
cedure increases the rate of precipitation of 
the product. The use of a saturated aqueous 
sodium acetate solution is especially pre- 7S 
fcrred. 

The add form of the sulphate nuy be 
convened to a wide variety of metallic salts 
or complexes by the addition of selected metal 
salts, for example sodium carbonate, 80 
dihydroxy aluminum chloride and caldum 
dichloride. These metallic products have the 
same potential use as the free sulphates. 
Examples of suitable metals include sodium> 
potassium, lithitmi, magnesium, calcium, 85 
barium, aluminum, iron and bismudi. 

The sulphates of hydroxyethyl starch 
obtained in accordance with the process of the 
present invention preferably have a sulphur 
content of from 2% to 18% by wd^t and W 
a low viscosity which makes them rcadfly 
adaptable for preparation in dosage unit form. 

The intrinsic viscosity of the sodium sul- 
phate salts of the present invention is gener- 
ally from 0.02 to 0.5 at 30^0 The averag e ©5 
molecular weight is from about iom m 
jOOTOuu / dei ermmed by gel permeation 
"chromatography, Waters Associates ALC/ 
GPL 501 in comparison with standard 
samples of dextran of several molecular 1^0 
wei^ts). The molecular weight of the pro- 
ducts of the present invention will vary widely, 
depending on a variety of faaors, prindpally 
the reaction conditions and the molecular 
wdght of the hydroxytfhyl starch starting 105 
material. The active compounds generally 
have average molecular weights in the range 
of from 1000 to 200,000. 

The anti-coagulant activity of the com- 
pounds of the present invention is about equal 110 
to that of heparin. A particular advantage, 
however, is that the compounds of the present 
invention can be prepared at relativdy low 
cost; also they strongly inhibit both pepsin 
and hyaluronidase activity. 115 

The products of the present invention 
inhibit hemolysis of crythocyies, accelerate 
er>ihocyte sedimentation, and inhibit beat 
denaturation of serum and food protein. They 
are useful in pharmacgutical af>«it5, rp^'^ 120 
ally because of their anti-inflammatory, anti- 
lipaeniic, ^d-arteriosclerosis, anti-ulcer, "ancT 
hvpocholest eroli c activity. , Thev are also use- 
tul in the helds of food and chemical pro- 
ducts. 125 

Inhibition of heat denaturation of scrum 
proteins is widely used for screening potential 
pharmaceutical agents for anti-inflanMnatory 
activity. The test is dcsaibcd in " Inhibition 
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of Heat Denaturation of Serum Protein", Y. 
Mizushima, Arch. Int. Pharmacodyn. 149. 1 
(1964), 

In the test, the sodium salt of hydroxyethyl 
starch sulphate was dissolved in 1/1 5M phos- 
phate buffer solution (pH=5.4) and to result- 
ing the solution the same phosphate buffer 
solution containing 1% bovine scrum albumin 
was added in a 1 : 1 volume ratio. The com- 
bined solutiim was stirred at 25^C for 20 



minutes and then stirred at 67^C for 3 
minutes and cooled. The turbidity of the 
test solutions thus obtained was compared 
to that of a solution obtained by adding 
l/15Af phosphate buffer solution containing 
1% bovine serum albumin to l/15Af phos- 
phate buffer solution in a 1:1 volume ratio, 
and the degrees of inhibition of heat denatu- 
radon were calculated. The results arc shown 
in die following Table L 



TABLE 1 



Sulphur Content 




Concentration of 






Sodium Salt of 




of Sodium Salt of 


Concentrauon of 


Sulphate of 


Inhibidon Ratios 


Sulphate of 


Bovine Scrum 


Hydroxyethyl 
Starch in 


of Heat Denatura- 


Hychroxyethyl 


Albumin in 


tion of Bovine 


Starch 


Solution for Test 


Solution for Test 


Senmi Albumin 


% 


(g/dl) 


(M)* 


(%) 


1.6 


0.5 


3X10-^ 


97.9 


6.3 


0.5 


3X1(H 


98.1 


8.2 


0.5 


3X10-* 


98.1 


11.1 


0.5 


3xl0-» 


97.6 


14.5 


0.5 


3X10-* 


98.8 
93.4' 


17.2 


0.5 


3X10^ 


(Control: phenyl- 






butazone) 


0.5 


IXlO-* 


88.8 



25 



30 



35 



*M;. per repeating unit 

As clearly shown in Table 1, the products 
in accordance with the present invention mani- 

40 fest good inhibition activities of heat denatu- 
ration of bovine serum albumin. 

The potent and-infiammatory acdvity of 
the products of the present invention was 
determined by the following assay. 

45 Intact, male Sprague-Dawley rats, each 
weighing about 170—200 g, were randomly 
grouped in groups of 10, and treatment with 
the test compounds begun. The test com- 
pounds were suspended in physiological saline 

50 containing a few drops of Polysorbate 80, 
and administered s ubcutaneously or in tra- 
gastrically. A control^^up of rats was sinml- 
taneoiiSly treated (but, with some rats, using 
a control compound instead of a compound 

55 according to the present invention, and, with 
other rats, using the same suspending medium 
but without the control compound). 

One day after the administration of the 
compound, the animals were injected intra- 

60 dermally at the base of the tail with 0.6 mg. 
of dry, hcat-killcd Mycobacterium hutyricum 
suspended in 0.05 ml of paraffin oil. Admini- 
stration of the test compound was continued 
daily for an additional 19 consecutive days 

65 with the control group being similarly treated, 
except for the test, compound. The rats were 
sacrificed on the 20th day and the degree of 
swelling in the hind paws determined by a 
volume displacement apparatus or by ankle 

70 circumference measurement. Each treated 



group was compared statistically with the 
control group. A cwnpound was rated active 
if it caused significant reduaion in swelling 
(P<0.05) compared to the results obtained 
with the controls (Wilcoxon rank-sum). 

The compounds according to the present 
invention also BSasc ss the ability to lower the 
level of cholesteroland phospholipids in rat s 
cauced W the injection of ch^esterol or 
Triton. The word '*Tiiton" is a Registered 
Trade Mark. 

The pepsin inhibition activity of the com- 
pounds of the present invention was tested. 
The results are listed in the following Table 
2. The anti-ulcur activity of the compounds 
of the present invention is evident. 



TABLE 2 



Sulphur Content 

% 

17.2 (Ex. 6) 
13.46 (Ex. 12) 
15.48 (Ex. 13) 
11.84 (Ex. 14) 
Hydroxyethyl Starch 



Pepsin 
Inhibition Ratio* 

% 

83 
46 
. 74 
62 
1 



•0.30% Sulphate of hydroxyethyl sUrch 
aqueous solution (pH=1.8) 1 ml; 20/ig 
pepsin aqueous solution (pH=1.8) 1 ml; and 
1.5% Bovine hemoglobin (pH=l.S) 1 ml; 
30°C, 10 min. 
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Hyaluromdase inhibition activities of the 
sulphate of hydroxyethyl starch were testS 
The results are listed in the following Table 
i. These results indicate the usefulness of 
3 the compounds of the invention as anti- 
iipacmic agents. 
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TABLE 3 

Sulphur Content 
V, 

12.61 (Ex. 3) 
17.2 (Ex. 6) 
4.25 (Ex. 11} 
13.46 (Ex. 12) 
15.48 (Ex. 13) 
11.84 (Ex. 14) 
Hydroxyethyl Starch 



Inhibition Ratio* 
% 
74 
96 
53 
21 
32 
38 
10 



rS,'}rti ^ulphate Of hydroxyethyl starch phos- 

^""^^ (PH=7.0) 0.25 ml; hyaluronic 

20 Rov;„'?°'P''"'' ''"f^^ (PH=5.3) 0.5 ml; and 

r^H-3 7f^'^ f,".*?"^" P''°^P''«<= buffer 
(pH-3.75) 5.0 ml 38=C, 45 minutes. 

The pharmaceutical compositions of the 
present invention may be sosHSjar parenter- 

25 t iL? nK'""'** ^'°<^^°n with^onven- 
^.Pharmaceuticaily-accepted soUd or 
hquid diluents or carriers. 

iJS^ compositions for oral administratinn 
include, for example, compression tablets, 
30 r« "P^f 5. sugar-coated pills and granules 

fe^Lr^^'P'","! '"'^ /"'•'^ compositions. S 
selected sulphate of hydroxyethyl starch 
which IS normally the principal active ingreS- 
CTt IS mixed with a conwntional pharma- 

35 «r. V "^P'*= calcium carbon- 

35 ate, lactose, sucrose, sorbitol, mannitol 
starch, amylopectin, cellulose derivativ™ 
gc atin. ^a^ettmg agents, for example, mag- 
Se adTd.""'' " ' Pol>-«thy'«e gfycol, miy 

^ tion'''"'fn f^^P^^'t^e^ for oral administra- 
tion include pharmaceuticaliy-acceptable 
S-'""'' P'""""?' suspensions and ^-rups 
containing inert diluents, for example water 

45 ^^nu'^'i"'- Pu""'^" "^^^^ are usually 
^"P'oyed m the an. In addition to inert 
diluents, adiuvants such as wetting agents 
suspending agents, sweeteners and aromatic 
flavouring agents mav be employed 

For parenteral administration, the selected 
3U product may be dissolved in sterilized water 
for injection and the resulting solution intro- 
duced into an ampoule in the amount suffi- 
cient for miection, and sealed 
Because of their wide spectriim of pharma- 
53 cological activiaes, the compounds of the 
present invention can be provided in a ranee 
of dosage unit forms in which the concen- 
trations are varied to suit the particular con- 
diuon under treatment. The physician or 
60 veterinao' surgeon can easily select the opti- 
mum dosage unit form and dosage considering 



such factors as age and condition of the patient 
and the malady under ueatmenL 
The optimum dosage may vary with the 

P«^ni i?"''°u*' °^ administration. For 65 
example, when the compounds of the present 

la^n';!'?*, « anti-inflammatory 

agents, the daily oral administration may vary 

fo°2n^? '° (preferably from 50 

?^n^ preferably from 500 to 70 

Sn"'?^: J m"*? parenteral adminis- 
S L^r i*"'P ^ from 20 to 
5000 mg (preferably from 50 to 2000 me- 
more preferably from 200 to 2000 mg) ^ 
. xne following non-Umiting Examples are 75 
given to Illustrate the present invemfon 

Example 1 

deL?o? '^^^ (Substitution 

degree of the hydroxyethyl group =0.60, 



Iv]b o"=0.324) 



80 



were rapidly added to 30 ml of cone sul- 
P;*i"= »°d.„(98%) at -25°C in a", 
necked disti Jation flask. The mixture was 
vigoreusly snrred at a temperature of -25"" 

rinri« S« '.^ 35 minutes. Stir- 85 

ring was diflicult because the mixture became 
progressively more viscous. On completion of 

?nr« /nr"' ^as poured 

•onto 500 g of ice, and then 70 g of cdcium 

ture 100 ml of water were added, to decrease 
the viscosity of the mixture. The pH of xhl 
resulting solution was 6. The prKiJitatts 
which formed were separated by fuSa 
through a glass filter and washed with 370 ml 95 
of water The filtrate and washing liquid weTe 
combmed to provide a solution having 
volume of 850 ml. A total of 300 ml of 
ethanol was added to that solution, and the 
nuxture was allowed to stand ovenught at 100 
0 C. The mixture was then filtered and 25 e 
?ho"^'"T ^'ere added to adius! 

the pH of the filtrate to 10.8. Then sufficient 
acetic acid was added to adjust the pH of 
the solution to 7.0. Th, filtrate was cSncen- 105 
trated to a volume of 100 ml, and 500 ml of 

oSrL''"' '?''*^'^'^ concentrate in 
order to precipitate the desired product as a 
white precipitate. It was separated by filtra- 
fl^lce^ of ethanol 110 

100 ml of diethyl ether. It was dried under 
reduced pressure to provide 13.12 g of sodium 
salts of sulphates of hydroxyethyl S^""" 
Sulphur content: 8.20%, * 115 

Mh o"=0.020 



Example 2 

At total of 30 ml of cone, sulphuric acid 
were placed ,n a 3-neckcd distillation flask 
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and cooled to -25=C to form a paste. To 
the sulphuric acid were added 10 ^ of 
m hydroxyethyl starch (substitution degree of 
hydroxyethyl group =0.75, 

5 [tjIh o'"=0.0S4 

The mixture was stirred at — 37°C to -23=C 
for 1.5 hours. The reaction mixture became 
viscous but smooth stirring was possible. 
On completion of the reaction, the reac- 
10 tion mixture was poured into 500 g of ice, 
and then 60 g of sodium carbonate and 15 
ml of water were added to adjust the pH 
of the solution to 7.0. The precipitate which 
separated by filtration and washed. 

15 The filtrate and washing solution were com- 
bined to form a solution having a volume of 
760 ml. A total of 190 ml of ethanol was 
added to this solution and the resulting solu- 
tion was left standing overnight at 0°C. Then 

-0 the solution was filtered, and to the filtrate 
13 ml of an aqueous solution saturated with 
sodium carbonate were added to adjust the 
pH of the solution to 10.4. Thereafter the 
solution was treated in the same manner 

25 as that described in Example 1, to provide 
12.5 of sodium salts of sulphates of hvdroxv- 
ethyl starch. 

Sulphur content: 8.207-, 

Mit n*"**=0.084 



Example 3 

10 grams of hydroxyethvl starch (substitu- 
tion degree of hydroxyethyl group =0,94, 

h]H^o="=0.118) 

were reacted with 30 ml of cone, sulphuric 

J 5 acid in the same manner as that described in 
Example 2. The reaction mixture was treated 
in the same manner as that described in 
Examples I and 2, using 60 g of calcium 
carbonate, 18 ml of saturated aqueous sodium 

40 carbonate solution and 0.8 ml of acetic acid. 
The product weighed 17.7g. 

The product was dissolved in 200 ml of 
water and filtered through a " Diaftlier " hav- 
ing a membrane acting as a sieve allowing 

45 the passage therethrough of compounds having 
a molecular weight of up to 10,000 using 4 
litres of water for de-salting, and fractiona- 
tion according to molecular weight. The 
resulting solution was concentrated to 100 ml, 

50 and 500 ml of methanol were added. The 
resulting white precipitate was separated by 
filtration and washed in the same manner 
as described above. 14.3 grams of purified 
sodium salts of sulphates of hvdroxvethyl 

55 starch were obtained. 

Sulphur content : 12.6r/, 



Mil o"=0.058. 



Example 4 

60 MI of cone, sulphuric acid were cooled 
to — 30^C. It became very viscous. To the 60 
sulphuric acid were added 20 g of hydroxy- 
ethyl starch (substitution degree of hydroxy- 
ethyl group =0.60, 

The mixture wa: vigorously stirred at between 65 
-25^C to -30°C for 1.5 hours. On com- 
p*etion of the reaction, 200 ml of water and 
1 kg of ice were added. To the resulting mix- 
ture were added 120 g of sodium carbonate 
powder to adjust the pH of the solution to 70 
7.4. The mixture was filtered and the pH 
of the filtrate was adjusted to 7.1. 1.3 litres 
of solution were put into a " Diafilter " as 
described above and concentrated. The 
material in the filter was washed with 12 75 
lities of water. The solution thus obtained 
was concentrated to 100 ml. To the solution 
500 mi of methanol were added, and the 
precipitate which formed was separated by 
decantation centrifugation and filtration, and 80 
dried. The products (sodium salts of sulphates 
of hydroxyethyl starch) weighed 13.8 g. 
Sulphur content: 14.45%, 

[,;],ro*"'= 0.067. 

Example 5 85 
50 ml of 60 y, (by weight) sulphuric acid 
were placed in a three-necked flask and cooled 
to O^C. To the sulphuric acid were added 
10 g of the hydroxyethyl starch used in 
Example 4. The mixture was stirred at 0°C 90 
for three hours. On completion of the reac- 
t.on, the reaction mixture was poured into 
5C0 g of ice, and then 70 g of sodium carbon- 
ate were added to adjust the pH to 8,8. The 
pH was then adjusted to 7.1 with acetic acid. 95 
The resulting 600 ml of solution were put 
into a "Diafilter" as described above and 
the material in the filter was washed with 
6 litres of water. The filtrate thus obtained 
was concentrated to 100 ml, and to the con- 100 
centrate were added 500 ml of methanol; 
the resulting mixture was treated in the same 
manner as that described in Example 4. The 
obtained product (sodium salts of sulphates 
Ci hydroxyethyl starch) weighed 7.4 g. 105 
Sulphur content: 1.56%, 

[»?]ir o"'=:0.18. 



Example 6 

75 ml of pyridine were placed in a three- 
necked flask and cooled to -10°C; then 110 
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5.4 ml cf chlorosulphonic acid were slowlv 
added at between 5 to — lO^C. Afrer the 
addition of the chlorosulphonic acid, were 
added 9 g of the same hydroxyeihyl starch 

5 as u:cd in Example 3. The mixture was 
stirred for 45 minutes in a water bath of 
70^C. The reaction mixture remained fluid 
and produced only a small amount of pre- 
cipitate. On completion of the reaction, 100 

10 ml of water were added followed by 875 ml 
of meihanol and 40 m.l of a 207^ aqueous 
sodium acetate solution to produce a white 
precipitate which was separated by filtration, 
washed and dried. The product (sodium salts 

15 of sulphates of hydroxyethvl starch) weighed 
8.1 g. 

Sulphur content: 17.2%, 

['7]h o'''=0.034. 



Example 7 

20 1 g of sodium salts cf sulphates of hydroxy- 
cthyl starch (sulphur contcnt= 13.17%) were 
dissolved in 10 ml of water, and then 3.5 ml 
of methanol were added. 

0.79 gram of AlCl3.6H,0 was dissolved. 

25 in 4 ml of water and to the solution 1.6 g 
of 7% NHs aqueous solution were slowly 
added. Basic aluminium chloride aqueous 
solution was produced. This solution was 
added to the above-mentioned solution of 

30 esteritied sodium salt of the sulphate of 
hydroxyethyl starch with stirring; the stir- 
ring was continued at 25^C for 3.5 hours. 
The resulting precipitate was separated and 
dispersed in 10 ml of water to which 5 ml 

35 of methanol were added. The precipitate was 
separated, washed with alcohol and dried at 
under 80°C. The aluminium salts of sulphates 
of hydroxyethyl starch thus obtained weighed 
0.83 g. 

4^ Example 8 

1 g of sodium salts of sulphates of hvdroxv- 
ethyl starch (sulphur content=13.17'/-) was 
dissolved in 50 ml of 507; aqueous glycerine 
solution. 

45 2.5 g of Bi(N0,),.5H,0 were dissolved in 
25 ml of water. This solution was added to 
the above-mentioned solution of esterificd 
sodium salts of sulphates of hydroxyethyl 
starch. The pH of the resulting solution was 

50 adjusted to 4.5, and the precipitate which 
formed was separated by ccntrifuging and 
dispersed in 10 ml of water. The precipitate 
was separated, washed with alcohol and dried. 
The bismuth complex of the sulphates of 

55 hydroxyethyl starch which was obtained 
weighed 0.98 g. 

Example 9 

1 g of sodium salts of sulphates of hvdroxy- 
ethyl starch (sulphur content= 13.17%) was 
60 dissolved in 20 ml of water and to the solu- 



tion a cation exchange resin was added. The 
mixture v.*as stirred at room temperature for 
5 hours to convert the salt foira to the hcz 
acid form of sulphate of hydro::yethvl starch, 
and to t.he mixture 400 mg of ferrous sul- 65 
phatc were added with stirring. The solution 
thus obtained was passed through an anion 
exchange resin column. The effluent was 
frceze-dried. 0.78 g of the ferrous salt of the 
sulphate of hydroxyethyl starch was obtained. 70 

Example 10 
The initial part of the procedure described 
in E.xample 1 was repeated, and the 850 ml 
solution obtained by combining the filtrate 
and the washing solution was mixed with 75 
300 ml of cthanol. The mixture was allowed 
to stand overnight. After filtration of the 
mixture, the filiate was concentrated using 
a " Diafilter " as described above. The filtrate 
was concentrated to 100 ml. After freeze- 80 
drying, 12.81 g of calcium salts of sulphates 
of hydroxyethyl starch were obtained. 

Example 11 

8 nil cf chlorosulphonic acid were added 
dropwise to 420 ml of pyridine at below 85 
10*^ C. The precipitated pyridinium salt of 
chlorosulphonic acid was melted by heating. 
To the melted salt, v.'ere added in small 
portions 50 g of hydroxyethyl starch (substi- 
tution degree of hydro.xycihyl group 0.920). 90 
The mixture was stirred at 70°C for 45 
minutes, and then 500 ml of water were 
added to slop the reaction. Acetone was 
added to the mixture in a ratio of 2 litres 
of acetone per litre of the aqueous solution. 95 

A large amount of an oily precipitate was 
produced, and the supernatant liquid was 
lemoved. Water was added to the oilv pre- 
cipitate in a ratio of 400 ml of water per 
100 ml of precipitate. The pH of the soiu- 100 
t:on was 5.58. The mixture was made alkaline 
by the addition of 48 ml of a saturated 
aqueous solution of Xa.CO:, which brought 
the pH to 7.72. E:hanol was added to the 
solution in the ratio of 1.2 litres of cihar:ol 105 
per 600 ml cf solution to form a precipitate, 
and the mixture was left standing overnight 
at room temperature. 

The supernatant was separr.ted from the 
mixture, and ethanol was cdded to harden 110 
the precipitate. The precipitate was powdered 
in a VC aring blender. The mixture was filtered 
and the precipitate washed successivelv with 
ethanol and ether. 38.2 grams of sodium 
salts of sulphates of hydroxyethyl starch were 115 
obtained. 

35 grams of the thus obtained sodium salts 
of sulphates of hydroxycdiyl starch were 
dissolved in 250 ml of water,' and the result- 
ing solution was placed in a " Diafilter " act- 120 
ing as a sieve allowing the passage there- 
through of compounds having a molecular 
weight of up to 30,000, and washed with 
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water, de-salted and concentrated, as in pre- 
vious Examples. 250 mJ of the solution within 
the "Diafilter" were freeze-dried, to yield 
25.3 g of sodium salts of sulphates of hvdroxy- 
ethyl starch. 
Sulphur content: 4.257^ 

hin 0^^=0.42. 

2 

Example 12 

150 ml of cone, sulphuric acid were cooled 
to form a paste. To the sulphuric acid were 
added in small portions over a period of 15 
minutes at -25°C, 50 g of hydroxyethvl 
Etarch (substitution degree of hydroxj-ethyl 
group =0,92), and the mixture was stirred 
for an additional 15 minutes as it warmed 
to 0°C. Thereafter the mixture was surred 
for an additional 4 hours. During this period 
the mixture became brown. 

The mixture and 180 ml of cooled diethyl 
ether were mixed at -30°C. A brown pre- 
cipitate was separated by filtration through 
a glass filter, and washed with cooled diethyl 
ether. The precipitate was dissolved in 200 
ml of water, and the ethereal phase removed. 
The pH of a brown solution was 0.21. The 
pH of the solution was adjusted with 46 ml 
of 20% NaOH aqueous solution to 7.06. To 
350 ml of the neutralized solutions were 
added 1.2 litres of acetone. The initial oily 
precipitate became flaky on standing. The 
cupematant was removed, and ethanol was 
added to the precipitate. The powdered pre- 
cipitate was separated by filtration, washed 
succcsively with ethanol and ether, and dried. 
The resulting white powder of sodium salts 
of sulphates of hydroxyethyl starch weichcd 
42.4 g. 

Sulphur content: 13.46-/,, 



Mi 



'=0.038. 



Example 13 

Using 150 ml of cone, sulphuric add and 
50 g of hydroxyethyl starch (substitution 
degree of hydroxyetiiyl group = 0.92), a reac- 
tion was carried out and the reaction mixture 
was treated in the same manner as that 
described in Example 12. 67.8 grams of 
brown sodium salts of sulphates of hvdroxy- 
ethvl starch were obtained. 

Sulphur content: 15.48%, 



2 



=0.032. 



55 



Example 14 
Using 75 ml of cone, sulphuric acid and 
50 g of hydroxyethyl starch (substitution 
degree of hydrexyethyl group =0.92), a reac- 
tion was carried out and the reaction mixture 
was treated in the same manner as that des- 



cribed in Example 12. 35.2 grams of brown 
£odium salts of sulphates of hvdroxyethvl 
Etarch were obtained. 

Sulphur content: 11.84%, 60 

b)]ii o'''=0.040. 

3 

Example 15 

100 grams of sodium salts of sulphates of 
hydroxyethyl starch obtained as in Example 
12 were added to 1000 ml of distilled water. 65 
A clear solution was obtained. 

In a similar manner, Solutions of various 
concentrations of sodium salts of sulphates 
of hydroxyetiiyl starch, were prepared for 
oral or parenteral administration. 70 

Example 16 
10 Kg of sodium salts of sulphates of 
hydroxyethyl starch obtained by tiie pro- 
cedure of Example 12, 7.5 kg of corn starch, 
4 kg of talc and 0.13 kg of magnesium 75 
siearate were thoroughly mixed, and 50,000 
capsules were charged with equal amounts 
of the resulting mixture in the usual manner. 
The capsules were employed as anti-inflam- 
matory agents, by the oral administration of 80 
1 or 2 capsules every 6 to 12 hours. 

Example 17 
10 Kg of sodium salts of sulphates of 
hydroxyethyl starch obtained bv tiie pro- 
cedure of Example 12, 2.5 kg of" lactose, 1.5 85 
kg of corn starch, 0.15 kg of magnesium 
stearate and 0.06 kg of Ught liquid paraflin 
were thoroughly mixed and slugged. The 
slugs were forced tiirough a screen, and the 
resulting granules were then compressed into 90 
100,000 tablets, each tablet containing 100 
mg of the active ingredient. 

Example 18 
A sterile aqueous solution for intramuscular 
injection was prepared from 100 g of sodium 95 
salts of sulphates of hydroxvetiivl starch 
obtained by the procedure of Example 13 
and 1000 ml of water. The active compound 
was dissolved in the water, and sufficient 
sodium hydroxide was added to form a solu- 100 
uon with a pH of 7.2. The solution was 
stenlized by filtration. 1 Ml batches of the 
solution were introduced into sterile vials 
and lyophilizcd, whereupon the vials were 
sealed. Immediately prior to use, sufficient 105 
sterile water for injection to make 1 ml of 
solution was added to each vial. 

Example 19 
Preparation of tablets 

Prescription: jjq 
Sodium sulphate of 
hydroxyetiiyl starch 
obtained as in 
Example 12 2 g 
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Example 19 (cone) 
Lactose o.4 g 

Starch o]48 g 

. 0.1 g 

Magnesium stearate 0.02 g 

The whole was made into 20 tablets by 
means of a 10 mm-deep cup punch. 

The tablets were coated in a conventional 
manner. 
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Example 20 
Sodium salts of sulphates of hydroxycthyl 
starch obtained by the procedure of Example 
13, were dissolved in isotom'c sodium chloride 
solution. The resulting solution was sterilized 
15 by passage through a microporous filter, and 
single doses of varying strength were injected 
intraperitoneally (0.5 ml solution per 100 g 
of body weight) in a standard toxicity test 
mto male mice weighing 16.0—20.0 g each. 
20 The mean lethal dosage (LDjo) was deter- 
mined two weeks after the injection according 
to Litchfield-Wilcoxon method. The result 
obtained was LDao=4.61 g/kg. 

Example 21 

25 Sodium salts of sulphates of hydroxycthyl 
starch obtained as described in Examples 1 
to 14 were dissolved in distilled water. The 
resulting solution was sterilized by passage 
through a microporous filter, and single doses 

30 of varying strength were administered orally 
(0.5 ml solution per 10 g of body weight) 
m a standard toxicity test to male mice weigh- 
ing 17.0—20.0 g each. The mean lc±al 
dosage (LDao) was determined two weeks 

35 after the injection, according to the Litchfield- 
Wflcoxon method. The result obtained was 
LD^>10.0 g/kg. 

WHAT WE CLAIM IS: — 

1. A sulphate of hydroxyetfayl starch, in 
40 which the sulphate is in free add form. 

2. A sulphate of hydroxyethyl starch, in 
which the sulphate is in the form of a metal 
salt or a metal complex. 

3. A sulphate of hydroxyethyl starch accord- 
45 mg to Claim 2, wherein the metal is selected 

from sodium, potassium, magnesium, calcium, 
aluminium, bismuth and iron. 

4. A sulphate of hydroxycthyl starch accord- 
ing to Claims 1, 2 or 3, wherein the molc- 

50 cular weight of the hydroxyethyl starch moiety 
is in the range from 1000 to 200,000, the 
degree of substitution of hydroxyethyl groups 
per anhydroglucose unit in the hydroxyethyl 
starch is in the range from 0.2 to 1.2, the 

55 sulphur content is in the range from 2 to 



18% by weight of the sulphate of hydroxy- 
ethyl starch, and the intrinsic viscosity of 
the sulphate is in the range from 0.02 to 
0.5 at 30°C in water. 

5. A process for producing a sulphate of 60 
hydroxyethyl starch as claimed in Claims 1, 

2 or 3, which comprises reacting hydroxy- 
cthyl starch either with chlorosulphonic acid 
in pyridine, or with sulphuric add; neutraliz- 
ing the reaction solution; filtering the solu- 65 
don; mixing the resulting filtrate with a 
water-miscible organic solvent; separating the 
resulting precipitate; and, if necessary, aw- 
verting the sulphate from free acid form to 
metal salt or metal complex form. 70 

6. A process according to Qaim 5, wherein 
the hydroxycthyl starch is one prepared by 
contacting waxy com starch having an 
ainylopectin content of over 98% by weight, 
with ethylene oxide or ethylene chlorohydrin. 75 

7. A process according to Cairn 5 or 6, 
wherein the molecular weight of the hydroxy- 
ethyl starch is in the range from 1000 to 
200,000, and the degree of substitution of 
hydroxyethyl groups per anyhydroglucose unit W 
in the hydroxyethyl starch is in the ranee 
from 02 to 1.2. 

8. A process according to Claims 5, 6 or 
7, wherein the filtrate is cwicentrated prior 

to bdng mixed with the water-misdble organic 85 
solvent 

9. A process according to any one of 
Claims 5 to 8, wherein the watcr-misdblc 
organic solvent is methanol, ethanol or acetone. 

10. A process according to any one of 90 
Claims 5 to 9, wherein the neutralization is 
effected with sodium carbonate. 

11. A process according to any one of 
Qauns 5 to 10, wherein, when the hydroxy- 
ethyl starch is reacted with sulphuric add, 95 
from 20 to 50 grams of hydroxyethyl starch 

are employed per 100 ml of combined 
hydroxyethyl starch and sulphuric add. 

12. A process according to any one of 
Claims 5 to 10, wherein, when the hydroxy- 100 
ethyl starch is reacted with chlorosulphonic 
acid m pyridine, there are employed from 

0.5 to 3 moles of chlorosulphonic add per 
mole of anhydroglucose units of hydroxvethvl 

13. A process according to any one of 
Claims 5 to 10 and 12, wherein, when the 
hydroxycthyl starch is reacted with chloro- 
sulphonic acid in pyridine, there are employed 

3 to 10 ml of pyridine per gram of hydroxy- 110 
ethyl starch. 

14. A process according to Claim 5, sub- 
stantially as described in any of the fore- 
going Examples 1 to 14. 

15. A sulphate of hydroxyethyl starch, 115 
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whenever produced by a process according 
to any one of Claims 5 to 14. 

16. A sulphate of hydroxycthyl starch, sub- 
stantially as described in any one of the 
foregoing Examples 1 to 14. 

17. A pharmaceutical craiposition compris- 
ing at least one sulphate of hydroxyethyl 
starch as claimed m any one of Qaims 1 
to 4, 15 and 16; and a pharmacutically- 
acceptable diluent or carrier therefor. 

18. A pharmaceutical composition substan- 
tially as described in any one of the fore- 
going Examples 15 to 2L 
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